Introduction
============

Burkitt lymphoma (BL) cells are characterized by a translocation fusing the oncogene MYC gene located on chromosome 8 to one of the immunoglobulin (Ig) gene loci [@B1], [@B2]. The translocated MYC gene is persistently overexpressed, which plays a major role in the pathogenesis of BL [@B3]. MYC overexpression relies on the presence of nearby Ig enhancers: the 3ʹ enhancer of the Ig heavy chain (IgH) gene in cells with IgH/MYC translocations and the intronic enhancer (Ei) and 3ʹ enhancer (E3ʹ) of the Ig kappa (Igκ) gene in cells with Igκ/MYC translocations [@B4]. Notably, in BL cells, transcription of the translocated MYC gene is initiated preferentially at the promoter P1, probably through interactions between the Ig enhancers and the P1 promoter, whereas in normal cells, transcription of the MYC gene is mainly driven by the P2 promoter [@B5], [@B6]. Using reporter assays, Nicola et al. showed that deletions of the NFκB and PU.1 binding sites in Ei and E3ʹ, respectively, reduced P1 but not P2 promoter activity, suggesting that the two transcription factors (TFs) are important for MYC dysregulation in BL [@B7]. However, multiple TFs, including activator protein 1 (AP1), YY1, TCF3 (E2A), and STAT5, can bind to Ei and E3ʹ in different contexts [@B8]-[@B11], and their roles in MYC overexpression in BL are not fully understood.

B cell receptor (BCR) is composed of four B cell-specific proteins: the Ig heavy and Ig light chains and the Igα (CD79A) and Igβ (CD79B) polypeptides. Signaling that is transduced through the Igα/Igβ heterodimer governs the development and function of normal B cells. Abnormal BCR signaling is directly involved in the pathogenesis of B cell malignancies [@B12], [@B13], and targeting the BCR signaling pathway reduced the cell proliferation of various types of lymphomas, including BL [@B14]-[@B17]. Given the concurrent dysregulation of MYC and BCR in BL cells and their functional relevance in BL pathogenesis [@B18]-[@B20], we hypothesized that MYC might upregulate BCR signaling and thus promote BL progression. Here, we show that MYC enhances Igκ expression in BL, which is dependent on JNK activation and the resulting recruitment of AP1 to Igκ enhancers. Moreover, the binding of AP1 to Igκ enhancers is important for the activity of MYC promoter P1, indicating a key role of AP1 in MYC dysregulation in BL cells. Importantly, targeting the JNK pathway diminished AP1 binding to Igκ enhancers and suppressed both MYC and Igκ expression in BL cells. These findings reveal new mechanisms involved in BL tumorigenesis and have implications for targeted therapy of BL.

Materials and methods
=====================

Cell culture
------------

Raji and DG75 cells (BL cell lines) were purchased from the American Type Culture Collection (ATCC, Manassas, VA) and were cultured in RPMI-1640 (GIBCO, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS). The JNK inhibitor SP600125 and MYC inhibitor 10058-F4 were purchased from Selleckchem (Houston, TX), and both were dissolved in DMSO to make the stock solutions.

Plasmids and transfection
-------------------------

The SMARTpool of small interfering RNAs for MYC, Igκ and the nontargeting control were purchased from Dharmacon (Lafayette, CO). The MYC-expressing vector was generated by cloning the MYC cDNA into a pcDNA3.1 vector (Invitrogen, Waltham, MA). For transfection, 2×10^6^ cells were resuspended in 100 μl of buffer (Engreen, Beijing, China), and electrotransfection was performed with 2.5 µg of plasmid using a Celetrix Electroporator (Celetrix, LLC. Shanghai, China). The depletion of CD79a was performed using the Lenti-CRISPR-V2 vector (Addgene \#52961) to introduce Cas9 and the single guide RNA (sgRNA), as previously described [@B21], and the sgRNA sequences are provided in the [Supplementary Information](#SM0){ref-type="supplementary-material"} ([Table S1](#SM0){ref-type="supplementary-material"}).

Real-time PCR and PCR
---------------------

RNA was extracted using the RNeasy Mini Kit (Qiagen, Germantown, MD), and cDNA was synthesized using the SuperScript VILO cDNA Synthesis Kit (Thermo Fisher, Richardson, TX). Real-time quantitative PCR was performed by using the QuantStudio 5 system (Thermo Fisher) and iTaq™ Universal SYBR Green Supermix (Bio-Rad, Hercules, CA). For data analysis, the 2^-ΔΔCT^ method was used to calculate the fold changes. GAPDH expression was considered to be unaffected under our treatment conditions, and GAPDH was used as a reference gene. Each experiment was run in triplicate, and the error bars represent the range of the fold changes calculated from three or four independent experiments. The primer sequences used for real-time PCR are provided in the [Supplementary Information](#SM0){ref-type="supplementary-material"} ([Table S1](#SM0){ref-type="supplementary-material"}).

Western blotting
----------------

Western blotting was performed using whole cell lysates. Aliquots of total protein (20-50 μg per lane) were electrophoresed on a 10% SDS-polyacrylamide gradient gel and transferred to nitrocellulose membranes (Millipore, Bedford, MA). The membranes were incubated at 4 °C overnight with anti-GAPDH, MYC, c-Jun, p-c-Jun, c-Fos, p-c-Fos, JNK, p-JNK, or Igκ monoclonal antibody (all purchased from Abcam, Cambridge, MA). After rinsing in buffer wash, the membranes were incubated with a horseradish peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology, Dallas, TX) diluted 1:10,000-30,000, followed by development with enhanced chemiluminescence reagents (Amersham, Little Chalfont, UK).

Dual luciferase reporter assay
------------------------------

The reporter vectors pGL4-P1, pGL4-P1-E3′, pGL4-P1-Ei-ΔAP1, and pGL4-P1-E3ʹ-ΔAP1 were generated by modifying the pGL4-Basic vector purchased from Promega (Madison, WI); the details regarding vector construction are provided in the [Supplemental Information](#SM0){ref-type="supplementary-material"} (DOC S1). A luciferase reporter assay was performed with the Dual-Luciferase Reporter Assay System (Promega) according to the manufacturer\'s instructions. Briefly, cells were transfected with 2.5 µg of DNA in 24-well plates using Lipofectamine 3000 (Thermo Fisher), and the luciferase activity was measured 48 h after transfection using a Junior LB luminometer (Berthold Technologies, Bad Wildbad, Germany). The assays were carried out in duplicate in 3 independent experiments.

Coimmunoprecipitation assays (Co-IP)
------------------------------------

IP lysis buffer (Thermo Fisher) was used to lyse Raji cells, and immunoprecipitation (IP) was performed using the Dynabeads Protein G Immunoprecipitation Kit (Invitrogen) according to the manufacturer\'s instructions. Briefly, 2 x 10^7^ Raji cells were harvested, and cell lysates were prepared using cold IP lysis buffer containing 1 X Halt™ Protease Inhibitor (Thermo Fisher). Five micrograms of antibody were coated on 1.5 mg of Dynabeads and washed with cold IP lysis buffer three times. The antibody-conjugated beads were incubated with 1.0 mg of protein lysate at 4ºC overnight. Then, the beads were washed extensively, and the IP products were harvested using denaturing elution and subjected to western blot analysis to detect the protein-protein interactions.

Chromatin immunoprecipitation assays (ChIP)
-------------------------------------------

ChIP analysis was performed as previously described [@B11]. Chromatin solutions were precipitated overnight at 4 °C using c-Jun antibody or rabbit Ig control (Abcam, Cambridge, MA). The input DNA and the immunoprecipitated DNA were extracted using Qiagen spin columns and were analyzed by PCR or real-time PCR assays using Ei and E3′ specific primers ([Table S1](#SM0){ref-type="supplementary-material"}).

Cell proliferation and apoptosis assay
--------------------------------------

A total of 1×10^4^ cells in 200 μl of medium were seeded in each well of 96-well cell culture plates, and the proliferation assay was performed at 6 h, 12 h, 24 h, and 48 h after incubation using a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan). The cell numbers were evaluated by measuring the absorbance at 450 nm with an MR7000 plate reader (Dynatech Laboratories, Chantilly, VA). The apoptosis rate of cells was measured by an Annexin V-PE/7-AAD double staining kit (BioLegend, San Diego, CA) according to the manufacturer\'s instructions. In brief, 5 × 10^5^ cells were harvested by centrifugation at 2000 rpm for 5-10 min and resuspended in 300 µL binding buffer, followed by a 15 min incubation with 5 μl Annexin V-PE and 5 μl 7-AAD in the dark at 37 °C. Then, flow cytometry analysis was employed to detect both early and late apoptotic cells that were positive for Annexin-V staining.

Soft agar assay
---------------

A soft agar assay was performed in 12-well plates as described previously [@B22]. Briefly, 1.0 ml of agar (bottom layer) was prepared by dissolving 0.5% agarose (Lonza, Basel, Switzerland) in R25 medium (RPMI-1640 supplemented with 25% FBS and 1% antibiotic-antimycotic solution, all obtained from Thermo Fisher). Once the bottom agar layer solidified, 0.5 x 10^4^ cells were resuspended in 1.0 ml of top layer agar (0.37% agarose dissolved in R25 medium) and immediately seeded on top of the bottom agar in triplicate. After the top layer solidified, 1.0 ml of R25 medium was added on top, and the medium was changed every three days. After four weeks, the colonies were fixed in 1 ml of 10% MeOH/10% acetic acid for 10 min and stained with 500 µl of crystal violet (0.005%) for 1-2 h. After staining, the crystal violet stain was removed, and the plate was washed with PBS for 4 h followed by the counting of the colonies.

Statistical analysis
--------------------

All statistical analyses were carried out using GraphPad Prism for Windows. The quantitative variables were analyzed by Student\'s t-test. All statistical analyses were two-sided, and p \<0.05 was considered statistically significant.

Results
=======

MYC enhances Igκ expression in BL cells
---------------------------------------

In BL cells, MYC is predominantly expressed from the translocated chromosome, whereas the normal allele is silent or expressed at a very low level [@B23]. Raji cells have been widely used in the study of BL, as they harbor a typical translocation of MYC fused to the IgH gene [@B24]. To investigate whether MYC has any effects on Ig expression, we knocked down MYC in Raji cells using siRNA and measured the levels of Igκ. The results indicated that interfering with MYC expression significantly suppressed Igκ expression, as shown by western blot and real-time PCR (Figure [1](#F1){ref-type="fig"}A, 1B). The reduction in Igκ mRNA levels upon MYC knockdown suggested that MYC regulates Igκ expression at the transcriptional level. Next, we treated the cells with 10058-F4, a MYC inhibitor, and found that the treatment reduced the levels of MYC protein (Figure [1](#F1){ref-type="fig"}C), which is in line with the results of previous studies [@B25], [@B26]. As shown in Figure [1](#F1){ref-type="fig"}C-[1](#F1){ref-type="fig"}E, MYC inhibition by 10058-F4 suppressed the expression of Igκ in a dose-dependent manner, whereas MYC overexpression (MYC^OE^) induced a higher level of Igκ expression compared to that of the control (CON). These data suggest that MYC acts as a positive regulator of Igκ expression in BL cells.

Interfering with MYC and Igκ expression suppresses BL cell growth
-----------------------------------------------------------------

MYC is a major oncogenic driver in BL. As expected, cell proliferation was markedly suppressed in MYC knockdown cells compared to that in control cells (Figure [2](#F2){ref-type="fig"}A). To test if BCR signaling is also required for the growth of BL cells, Igκ was knocked down using siRNA, and a cell proliferation assay was performed. The results indicated that the expression of Igκ is important for optimal cell growth (Figure [2](#F2){ref-type="fig"}B). Similar results were observed for another BL cell line, DG-75 (Figure [2](#F2){ref-type="fig"}C, 2D), which is in agreement with the results of previous studies showing that the survival of BL cells relies on the expression of both MYC and BCR [@B27], [@B28].

BCR signaling transduction is mediated by the CD79a/CD79b heterodimer (gα/Igβ). We next generated cell lines in which the CD79a gene was ablated with the CRISPR/Cas9 technique and found that depleting CD79a (CD79a-KO) suppressed tumor cell proliferation (Figure [2](#F2){ref-type="fig"}E). The wild-type and CD79a-KO cells were then treated with 30 μM 10058-F4, which only slightly altered the levels of MYC but not those of Igκ (Figure [1](#F1){ref-type="fig"}C). The treatment dramatically suppressed the growth of CD79a-KO cells compared to that of the wild-type cells (Figure [2](#F2){ref-type="fig"}E). To further test whether the targeting of MYC or/and BCR signaling in Raji cells can impair anchorage-independent growth, which is a hallmark of tumorigenesis, a soft agar assay was performed. The results indicated that either 10058-F4 treatment or CD79a depletion significantly suppressed the formation of colonies by Raji cells in soft agar, and maximal suppression was achieved in CD79a-KO cells that were treated with 10058-F4, suggesting that the combined targeting of MYC and BCR signaling may produce more potent anti-tumoral efficacy than either of the individual treatments alone.

MYC promotes Igκ expression by recruiting AP1 to enhancers
----------------------------------------------------------

Two enhancers, Ei and E3ʹ, are essential for the expression of the Igκ gene in regular B-cells, but whether they are required for MYC-induced Igκ upregulation in BL cells is not clear. AP1 binding sites have been identified in both Ei and E3ʹ as well as in the IgH 3ʹ enhancer, and they function as positive elements that induce enhancer activity [@B10], [@B29], [@B30]. We first examined the effects of MYC on the expression of the two main AP1 subunits, c-Jun and c-Fos. As shown in Figure [3](#F3){ref-type="fig"}A and [3](#F3){ref-type="fig"}B, c-Fos was upregulated in MYC^OE^ Raji cells, whereas the expression of c-Jun remained unchanged. Consistently, Raji cells with MYC knockdown exhibited a reduced level of c-Fos compared to that of control cells (Figure [3](#F3){ref-type="fig"}C, 3D). Phosphorylation by c-Jun (Ser 63 and Ser 73) and c-Fos (Thr 232) are crucial for the AP1 heterodimer to bind DNA and to activate target genes [@B31]. As shown in Figure [3](#F3){ref-type="fig"}A-[3](#F3){ref-type="fig"}D, ectopic expression of MYC promoted c-Jun and c-Fos phosphorylation at these sites, whereas knocking down MYC diminished the levels of phosphorylation, implying that MYC may increase AP1 activity by inducing c-Jun and c-Fos phosphorylation and thus enhance Igκ expression.

To further study the role of AP1 in Igκ regulation, we examined the protein-protein interaction between c-Jun and c-Fos with co-IP and then performed ChIP to detect the recruitment of c-Jun to the enhancers. As expected, the binding of c-Jun and c-Fos was readily detected by the co-IP assay in Raji cells (Figure [4](#F4){ref-type="fig"}A), while the ChIP results demonstrated that both Ei and E3ʹ were enriched in DNA precipitated by a c-Jun antibody (Figure [4](#F4){ref-type="fig"}B). These data suggest that c-Jun and c-Fos form AP1 heterodimers in BL cells and are recruited to Igκ enhancers. To directly test if AP1 binding is required for enhancer activity, a luciferase reporter assay was performed in Raji cells by introducing the following constructs, which contain either intact or AP1 binding site-deleted enhancers: pGL4-P1-Ei, pGL4-P1-E3ʹ, pGL4-P1-Ei-ΔAP1, and pGL4-P1-E3ʹ-ΔAP1. All constructs incorporated the P1 promoter, which is preferentially utilized to drive MYC overexpression in BL cells. The results demonstrated that the deletion of the AP1 binding sites impaired the activity of both Ei and E3ʹ (Figure [4](#F4){ref-type="fig"}C, 4D).

MYC-induced Igκ upregulation is associated with JNK activation
--------------------------------------------------------------

The role of c-Jun N-terminal kinase (JNK) as a positive regulator of c-Jun is well established [@B31]. We reasoned that the increased phosphorylation of c-Jun could be caused by JNK activation in BL cells. Indeed, the ectopic expression of MYC in Raji cells increased JNK phosphorylation (Figure [5](#F5){ref-type="fig"}A). Next, Raji cells were treated with 10-40 µM of the JNK inhibitor SP600125 for 24 h. As expected, this reduced the levels of p-JNK in a dose-dependent manner (Figure [5](#F5){ref-type="fig"}B). We found that the levels of p-c-Jun, Igκ, and MYC were concurrently suppressed by SP600125, suggesting that JNK activity is associated with Igκ and MYC expression (Figure [5](#F5){ref-type="fig"}C). Moreover, SP600125 diminished the binding of c-Jun to the Igκ enhancers and suppressed the luciferase activity of pGL4-P1-Ei and pGL4-P1-E3ʹ (Figure [5](#F5){ref-type="fig"}D, 5E), indicating that the JNK/AP1 pathway is required for optimal Igκ expression. Finally, SP600125 exhibited potent anti-tumoral effects in Raji cells, especially in CD79a-KO cells, as indicated by the reduced colony formation in soft agar (Figure [5](#F5){ref-type="fig"}F). Notably, SP600125 increased apoptosis after 48 h of treatment in both control cells and, more significantly, CD79a-KO cells, as indicated by the percentage of Annexin-V positive cells (Figure [5](#F5){ref-type="fig"}G), suggesting that reduced colony formation caused by JNK inhibition is associated with increased apoptosis. Overall, these results suggest that MYC induces JNK activation and thus enhances the recruitment of AP1 to Ei and E3ʹ, leading to the upregulation of Igκ in BL cells.

Discussion
==========

AP1 is a transcription factor that controls many cellular processes, including differentiation, proliferation, apoptosis, and tumorigenesis [@B32]. The structure of AP1 is a heterodimer composed of proteins belonging to the c-Fos, c-Jun, ATF, and JDP families [@B33]. Studies using reporter constructs suggest that AP1 binds to the Ei and E3ʹ enhancers and promotes their activity [@B10], [@B30], [@B34]. In agreement with this observation, we showed that the AP1 heterodimer c-Jun/c-Fos binds to the two enhancers of the endogenous Igκ gene, which is crucial for enhancer activity (Figure [4](#F4){ref-type="fig"}A, 4B). Notably, AP1 binding sites have also been identified in the 3ʹ IgH enhancer and are thought to play essential roles in IgH expression and lymphomagenesis [@B29], [@B35], [@B36]. Further studies are needed to test whether AP1 is key in the synchronization of different Ig genes, by which an equal amount of heavy chains and light chains are expressed to efficiently generate immunoglobulin in B-cells.

As a transcriptional factor, AP1 activity is regulated by the levels of its subunit components as well as their posttranslational modifications, such as phosphorylation [@B32]. We found that in BL cells, MYC induced the phosphorylation of both c-Fos and c-Jun by activating the JNK pathway, leading to increased AP1 binding and Igκ expression (Figure [3](#F3){ref-type="fig"} and Figure [4](#F4){ref-type="fig"}B). Conversely, JNK inhibition diminished the recruitment of AP1 to the enhancers and reduced the levels of Igκ (Figure [5](#F5){ref-type="fig"}C-[5](#F5){ref-type="fig"}E), suggesting that AP1 plays a pivotal role in MYC-mediated Igκ upregulation. On the other hand, oncogenic MYC expression in BL is actually driven by nearby Ig enhancers; hence, we reasoned that AP1 activity is required for the expression of the translocated MYC gene. Indeed, the levels of MYC and Igκ were concomitantly suppressed by JNK inhibition, which is associated with reduced AP1 binding and enhancer activity (Figure [5](#F5){ref-type="fig"}C-[5](#F5){ref-type="fig"}E). We therefore propose that, by inducing JNK activation, MYC promotes the recruitment of AP1 to Ig enhancers, which in turn augments the expression of the MYC gene itself. It is plausible that during the early stages of tumorigenesis, the basal activity of the Ig enhancers leads to MYC gene expression, while the MYC/JNK/AP1 pathway amplifies the activity of the enhancers and thus sustains the high expression levels of MYC and BCR, both of which are directly associated with the malignant transformation of BL cells.

Burkitt\'s lymphoma (BL) is a highly proliferative B-cell neoplasm that is treated with intensive chemotherapy, which is often not tolerable for elderly patients because of its toxicity [@B4]. Moreover, no effective targeted therapy has been approved for the treatment of BL to date [@B37]. Gururajan et al. showed that JNK inhibitors show strong activity in suppressing MYC expression and BL cell proliferation [@B38]. Similarly, Leventaki et al. reported that JNK activation is elevated in most cases of BL and that blocking the JNK pathway significantly inhibits tumor cell growth [@B39]. However, the underlying mechanisms of the anticancer effects of JNK inhibition in BL are not clear. Our results imply that Ig enhancers might act as a platform on which AP1 plays a central role in the tumorigenesis of BL. While targeting MYC has been shown to be very challenging, we propose that disrupting MYC-mediated positive feedback through targeting JNK or AP1 may provide therapy for BL patients.
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![**MYC regulates Igκ expression in Raji cells.** (A) Western blot was performed to measure the levels of MYC and Igκ in Raji cells treated with MYC-siRNA or control-siRNA for 48 h. (B) Real-time PCR was used to measure MYC and Igκ transcription in control and MYC knockdown Raji cells. The levels of MYC and Igκ in Raji cells treated with 10058-F4 at different concentrations for 24 h were measured by western blot (C) and real-time PCR (D). Raji cells were transfected with control or MYC-expressing vectors (MYC^OE^) and incubated for 48 h, followed by western blot analysis (E) and real-time PCR (F) (\*P\<0.05, \*\*P\<0.01 compared to the control).](jcav11p0610g001){#F1}

![**Both MYC and Igκ are important for BL cell proliferation.** (A-D) The results of the cell proliferation assay show the growth of Raji and DG-75 cells with MYC or Igκ knockdown by siRNA. The effects of siRNA knockdown on Igκ expression were measured by western blot, and the results are shown in Figure [2](#F2){ref-type="fig"}B and Figure [2](#F2){ref-type="fig"}D. (E) The effect of Lenti-CRISPR knockout on the CD79a gene in Raji cells was measured by western blot. Then, a cell proliferation assay was performed to measure the growth of control or CD79a-KO cells with or without treatment with 30 μM 10058-F4. (F) Soft agar assays were used to detect colonies formed by control or CD79a-KO cells with or without treatment with 30 μM 10058-F4 (\*P\<0.05, \*\*P\<0.01 compared to the control).](jcav11p0610g002){#F2}

![**MYC regulates AP1 activity.** (A) Western blot was performed for control and MYC-overexpressing Raji cells (MYC^OE^) to determine the levels of c-Fos, c-Jun, p-c-Jun at Ser 63 and Ser 73, and p-c-Fos at Thr 232. (B) The quantitated densities (MYC^OE^ vs. Control) of the western blot bands in Figure [3](#F3){ref-type="fig"}A. (C) Western blot shows the amounts of c-Jun, c-Fos, p-c-Fos, and p-c-Jun in control and MYC knockdown Raji cells. (D) The quantitated densities (MYC-siRNA vs. Control) of the western blot bands in Figure [3](#F3){ref-type="fig"}C (\*p\<0.05, \*\*p\<0.01 relative to the GAPDH).](jcav11p0610g003){#F3}

![**MYC promotes the recruitment of AP1 to the enhancers.** (A) The protein-protein interaction of c-Jun and c-Fos in Raji cells was demonstrated by a co-IP assay. (B) ChIP assays were performed in control or MYC knockdown Raji cells. The impact of MYC knockdown on c-Jun binding to Ei and E3ʹ were determined by PCR (upper) and real-time PCR (bottom). (D) Raji cells were transfected with the reporter vectors indicated in the figure, and after 48 h of incubation, the enhancer activities were measured with luciferase reporter assays (\*p\<0.05, \*\*p\<0.01 compared to the control).](jcav11p0610g004){#F4}

![**Igκ upregulation is associated with JNK activation.** (A) The levels of p-JNK and JNK in control and MYC^OE^ cells were measured by western blot. (B) Raji cells were treated with SP600125 for 24 h at the indicated concentrations, and the levels of p-JNK and p-c-Jun were determined by western blot. (C) Western blot was used to measure the levels of p-c-Jun, c-Jun, p-JNK, JNK, MYC, and Igκ in Raji cells treated with or without SP600125 for 24 h. (D) Raji cells were incubated with SP600125 (30 μM) for 24 h to inhibit JNK activity, and its impact on the binding of c-Jun to Ei and E3ʹ was determined by a ChIP assay. (E) Raji cells were pretreated with SP600125 (30 μM) for 24 h and then transfected with the pGL4-P1-Ei or pGL4-P1-E3ʹ vector. The cells were cultured for 48 h in the presence of SP600125 (30 μM), and the enhancer activity was determined using a luciferase reporter assay and compared with that in control cells. (F) A soft agar assay was used to measure colony formation in wild-type and CD79a-KO Raji cells treated with or without 30 μM SP600125. (G) The levels of apoptosis in wild-type and CD79a-KO Raji cells treated with or without 30 μM SP600125 were determined according to the percentage of Annexin-V positive cells measured by using flow cytometry (\*p\<0.05, \*\*p\<0.01 compared to the control).](jcav11p0610g005){#F5}
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